The aim of this study was to re-assess whether the use of a 'one-knife technique' can be considered as safe as the alternative practice of using separate skin and inside knives for elective orthopaedic surgery. A total of 609 knife blades from 203 elective orthopaedic operations, with equal numbers of skin, inside and control blades, were cultured using direct and enrichment media. We found 31 skin blades (15.3%), 22 inside blades (10.8%), and 13 control blades (6.4%) gave bacterial growth.
1 means 'freedom from micro-organisms'. Within the strict definition of the term, this can only be regarded as relative. It is almost impossible to create total surgical sterility, as topical antiseptics eradicate only superficial skin flora, accounting for about 80% of the resident flora, which are subsequently replaced by organisms from deeper layers. [2] [3] [4] Although current techniques of sterilisation and preparation of the operating field allow safe surgical intervention with a low risk of post-operative infection, complications from intra-operative wound contamination remain a concern. 5, 6 Peri-prosthetic infection is a serious complication in joint replacement surgery and affects between 0.5% and 4% of all patients undergoing elective primary total joint arthroplasty. [7] [8] [9] [10] [11] [12] Even with an active infection, identification of the responsible organism can prove difficult, despite joint aspiration or tissue biopsy. Once established, peri-prosthetic infection is difficult to treat. 7, 13 Antibiotics often fail once colonisation is established because of poor regional blood flow and sequestration of the organisms. In some cases it is impossible to eradicate the infection, which can remain silent for many years. In joint replacement surgery, organisms may adhere to biomaterials and tissues by forming an enclosing biofilm, making subsequent eradication extremely difficult.
14 Removal of the implant, together with vigorous debridement, represents the only possible treatment in some cases. 15, 16 Several methods have been introduced, or changed, during the past three decades in order to reduce the risk and incidence of peri-prosthetic infection. These include laminar-flow theatres and the use of peri-operative antibiotics, but complete eradication of infection has not yet been achieved. 5, 9, 10 Long-term problems with infection have major implications for the health care provider and the affected patient.
It is still common practice in orthopaedic surgery to discard the blade after use on the skin and to use a new blade for the deep incision. The results of previous studies implied that the use of separate knives as a means of infection control is unnecessary. [17] [18] [19] Improvements in techniques for culture and identification of bacteria have led to an increased sensitivity in defining the presence of potentially pathogenic organisms, allowing us to reexamine the rationale for changing scalpel blades.
Our particular interest was whether we could identify organisms of low pathogenecity such as coagulase-negative staphylococci, which play an important role in early and late septic General orthopaedics loosening of total joint arthroplasties. 16, [20] [21] [22] [23] The use of a 'control blade', which was left untouched on the instrument table throughout the operative procedure, was added in order to enhance the relevance of our results.
Patients and Methods
We studied 203 patients who underwent an elective orthopaedic procedure, such as a total joint replacement or spinal decompression, for a non-infected condition. None was suffering from skin disease or infection. All operations were performed in a designated orthopaedic theatre with a vertical laminar-flow system.
The skin was prepared with a mixture of chlorhexidine gluconate 0.5% and industrial methylated spirit 70%, coloured with Carmoisine E122 1.5%. Once the skin was dry, an adhesive plastic sheet (Steridrape, 3M HealthCare, Rhein, Germany) was applied to the operating area.
The skin and inside knives were cultured immediately after use in order to prevent them from becoming dry. Two different culture media were used in order to increase the likelihood of isolating very low numbers of organisms, a 'direct' agar plate and an enrichment broth.
All scalpel blades were pressed onto blood agar plates (5% horse blood in Columbia agar base: Oxoid, Basingstoke, UK), twice for each side, and subsequently placed into Robertson's cooked meat broth. These were immediately incubated in air, at 37˚C. The blood agar plates were incubated for 96 hours under aerobic conditions. The Robertson's cooked meat broth was incubated at 37˚C for 96 hours, then subcultured to blood agar (aerobic incubation) and fastidious anaerobe Agar (LabM; IDG (UK) Ltd, Bury, UK) (anaerobic incubation) for a further 96 hours. Any bacterial growth was identified initially by colonial morphology, Gram-stain appearance and tube coagulase. Coagulase-negative staphylococci and Micrococcus spp. were identified further using a commercial biochemical test strip, API Staph (BioMerieux UK Ltd, Basingstoke, UK).
For each procedure a third unused 'control' scalpel blade was placed on the instrument table at the beginning of the operation and processed at the end in the same way as described for the skin and inside blades. Statistical analysis. This was performed using a z-sample test for equality of proportions with continuity correlation and Student's t -test. The level of significance was set at p р 0.05.
Results
A total of 609 knife blades from 203 patients were harvested and cultured. When cultured directly on blood agar none of the skin and control blades demonstrated any bacterial growth, but one of the inside blades grew Staphylococcus simulans . After enrichment culture in Robertson's broth, 31 (15.3%) skin blades, 22 (10.8%) inside blades and 13 (6.4%) control blades gave bacterial growth. Details of the contaminated blades and organisms are given in Table I . The difference in the amount of contamination between skin and inside blades was not statistically significant (p = 0.18). However, the difference in contamination with coagulase-negative staphylococci found on 23 (11.3%) of the 203 cultured skin blades compared with 11 (5.4%) of the 203 cultured inside blades was significant (p = 0.05). The difference in the rates of contamination (Table I ). The remaining eight (26%) of contaminated skin blades yielded Micrococcus spp. from five (16%), Proprionibacterium spp. from two (7%) and Pseudomonas spp. from one (3%). From the 27 contaminated inside blades, coagulase-negative staphylococci were cultured from 11 (50%). These included Staph. epidermidis from three, Staph. saprophyticus from two, Staph. caprae from two and other less common species from four ( Table I ). The remaining 11 (50%) of contaminated inside blades yielded Micrococcus spp. from six (27%) and diphtheroids from five (23%). In eight (4%) cases, cultures of both skin and inside blades produced bacterial growth, but in only three (1.4%) cases was the same species identified. These were M. lylae in two and Staph. epidermidis in one. Coagulase-negative staphylococci represented 77% of cultured organisms on the contaminated control blades (n = 13). Within this group Staph. haemolyticus and Staph. hominis accounted for 30% each while Staph. epidermidis and Staph. warneri were isolated in 20% each. The remaining 23% were identified as diphtheroids. Micrococcus spp. were not found. In six cases with contaminated control blades, neither skin nor inside blades yielded any growth and in five cases the organisms were different from those on the skin/inside blades. The control blade grew the same species as the skin blade in one case and the inside blade in one.
Discussion
Ritter et al 19 described the contamination of surgical knife blades in 1975. Their findings of a rate of microbial contamination (3%) in skin knives used in elective orthopaedic procedures in laminar flow theatres led to the assumption that skin knives do not act as a source of contamination in the depth of the wound. 19 In 1985, Grabe et al 18 reported similar results, with rates of contamination of 3.3% for both skin and inside knives. Both papers 18, 19 noted a significant reduction in microbial contamination when laminar flow was used. These studies implied that the use of separate knives as a means of infection control was unnecessary, although none had used broth enrichment cultures in their analysis. The results are available for two other studies where broth enrichment cultures were used but one included trauma patients and the other did not state whether procedures were performed under laminar flow. Ramon et al 24 looked at 115 patients who underwent either elective orthopaedic or trauma procedures and found contamination rates of 5.3% for skin blades and 11.3% for inside blades. The predominant organism was Staph. aureus , which accounted for 65% of the isolates. Fairclough et al, 17 who did not comment on the use of laminar air flow, reported a rate of contamination of 4.3% in both skin and inside blades. Coagulase-negative staphylococci were grown from 69% and Staph. aureus from 12.5% of the contaminated blades. Improvements in microbiological culture and techniques of identification have increased the sensitivity in defining the presence of low numbers of organisms with low pathogenicity. Coagulase-negative staphylococci were the organisms cultured most commonly in our study, with 23 of 31 (74%) skin blades and 11 of 22 (50%) inside blades being contaminated, a result which is similar to that noted by Ritter et al 19 and Fairclough et al 17 who found a proportion of 100% and 69% respectively. Within the group of coagulase-negative staphylococci, Staph. epidermidis was most common, being present in 11 of 53 (20.8%) of contaminated skin and inside knife blades, followed by Staph. saprophyticus in eight of 53 (15.1%), and Staph. caprae in four of 53 (7.5%). Staph. aureus was not found in any culture, a finding which is in keeping with most studies, [17] [18] [19] 25 although Ramon et al 24 found that 58% of blades grew Staph. aureus . His findings raise the suspicion that the inclusion of trauma patients might have been partly responsible for the predominance of Staph. aureus in the cultures. 24 Although the rates of contamination appear low, concern still exists because coagulase-negative staphylococci have been identified as the predominant group of organisms responsible for up to 70% of early and late peri-prosthetic infections, 5, 16, [20] [21] [22] [23] 26 while proprionibacterium species have been identified in up to 25% of cases. 27 Resistance to commonly used antibiotics is frequent in these organisms with some studies reporting methicillin resistance in up to 80% of isolates, 22, [28] [29] [30] and aminoglycoside resistance in up to 66% of isolates. 31 Some questions remain regarding the amount of contamination of the control blade, which we estimated at 6.4%. This may reflect the manual manipulation of the knife in the operating theatre, contamination during laboratory processing or could be related to the length of the operation. None of the previous studies incorporated analysis of control blades. 17, 19, 24, 25 At least a proportion of bacterial growth from skin and inside blades might have been because of 'non-operative contamination'. This suggests that clinically relevant contamination rates of skin and inside blades might be lower than our results indicate, despite these blades being processed immediately after use with the control blades being processed at the end of the operation. The environment of the operating room might play a significant role in wound contamination and it has been shown that laminar air flow has a positive influence in reducing the degree of contamination of the knife and subsequent rates of infection. 18, 19 The ability to eradicate peri-prosthetic infection with suppressive antibiotics is becoming more difficult as implant materials provide an ideal environment for biofilmforming bacteria. 14, 20 Staph. epidermidis , the predominant organism in contamination of the skin knife, may be the culprit and, because of its slow rate of growth, might leave both surgeon and patient with a false sense of security. Our results suggest that skin contamination, as shown by positive culture from the skin blade, predicted growth of the same organism on the inside blade in only 9.6% of cases. In the remaining 90.4% contamination of deeper layers with the same pathogen might have been prevented by a change of knife blade after the skin incision.
We found that the rate of contamination of skin blades with pathogenic organisms, such as coagulase-negative staphylococcus , Proprionibacterium and Pseudomonas, was more than twice that of the inside blades (26 compared with 11). Although contamination of knife blades does not necessarily correlate with superficial or deep infection, our results favour continuing with the current practice of using a 'two-knife' technique. The cost disadvantage of such practice is minimal in view of the significant financial implications if complications due to deep infections occur.
